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Abstract
Erythrina (Coral tree, Family Fabaceae) is a genus of ﬂowering plant worldwide cultivated for ornamental purposes.
The ﬂower of Erythrina species was widely used as a tranquilizer, sedative, and in dysentery and syphilis. Studies on the
morphology of this genus are insufﬁcient. This study aims to provide information on the morpho-anatomical characters
of the Eneillii ﬂowers and their usefulness in distinguishing this hybrid plant from other closely related species.
Erythrinaneillii ﬂower is characterized by a racemose compound panicle inﬂorescence, diadelphous androecium, superior gynoecium (monocarpellary) with marginal placentation, different type of stomata, rounded to triangular pollen
grains with granular exine.
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1. Introduction

T

he Fabaceae family is one of the largest
botanical families that is widely distributed
worldwide. This family is composed of 32 tribes, 730
genera, and over 19,400 species [1]. The genus
Erythrina (Fabaceae, subfamily Papilionoideae)
consists of 200 species, distributed in tropical and
subtropical regions [2,3]. Erythrina name has its
origin from the Greek word “Erythros” related to its
bright red ﬂowers. This genus has a great contribution in traditional medicine with variable uses as
a sedative, anti-inﬂammatory, in stomach-ache, and
for snake bites [4].
Studies performed on Erythrina showed the presence of a variety of phytochemicals including, ﬂavonoids, alkaloids, coumarins, and saponins [5e7].
These phytochemicals justiﬁed the reported biological effects among which, antioxidant, antimicrobial,
cytotoxic,
anti-inﬂammatory
and
antidiabetic activities [8e10].

Erythrina  neillii Mabberley & Lorence is a sterile
hybrid between E. herbacea L. and Erythrina humeana
Spreng having attractive bright red ﬂowers with no
fruits or seeds [2]. Many studies revealed that the
identiﬁcation of certain species of Erythrina is not well
established [11,12]. Since morpho-anatomical characters still provide the most effective tool for characterization of species, this work aimed to describe the
ﬂoral characters of Erythrina  neillii in continuation
to our in-depth study of this attractive plant [13e15],
accordingly helping in the proper identiﬁcation of
this plant and preventing its misinterpretation with
the closely related Erythrina species.

2. Material and methods
2.1. Plant material
Flowers of Erythrina  neillii Mabberley & Lorence
(El-Zohria garden, Cairo, Egypt) were freshly
collected and kindly identiﬁed and authenticated by
Dr. Gwilym P. Lewis (Royal Botanic Gardens, Kew,
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UK), while a voucher specimen was kept in the
Herbarium of the Faculty of Pharmacy, Cairo University (no.1-11-2012).
2.2. Methodology
The samples were ﬁxed in formalin, acetic acid,
and alcohol (FAA 50), then histological slides were
prepared following plant anatomy procedures,
where the ﬁxed parts were sectioned (transverse
and longitudinal sections) in a rotation microtome
[16e18]. Both the fresh sections and air-dried
powdered ﬂowers were photographed using an
optical microscope coupled with a digital camera
DfC295. A preliminary investigation of the main
classes of active constituents in the ﬂowers was
aided by histochemical tests, where Sudan III
identiﬁed the lipophilic substances [18], ferric chloride was used for the phenolic compounds [17],
iodine for starchy content, and dragendorff's reagent for alkaloids.

3. Results
3.1. Macroscopic characteristics
Erythrina  neillii Mabberley & Lorence is a tree,
3 m tall, with a broad monopodially branching trunk
measuring 1e1.5 m in length and 15e30 cm in
diameter, ending with an erect red raceme inﬂorescence (Fig. 1A-B).
The axis of the racemose inﬂorescence is
10e20 cm long, green with a reddish tinge. The
number of ﬂowers in each axis varies from 50 to 60
ﬂowers (Fig. 1B). The ﬂowers are red in color,
zygomorphic, hermaphrodite, pentacyclic, and
pedicellate with 5e6 cm long  0.7e1 cm wide
(Fig. 1C-E). The ﬂower has the following ﬂoral formula: %, ⚥, K(5), C(2)þ3, A(9)þ1, G1
The pedicel (Fig. 1C) is supple, cylindrical, reddish-green in color, 0.7e0.9 length  0.1e0.3 cm
width. The calyx (Fig. 1C-E) is hypogenous, cupshaped, persistent, gamosepalous, formed of 5
united sepals, forming a tube with 5 lobes and blunt
apices. The calyx is red in color and nearly glabrous.
The corolla (Fig. 1B-D) is formed of ﬁve petals, with
one large posterior petal (banner or standard). The
banner measures 5e5.5 cm length  1.8e2 cm
width. Two lower anterior elongated petals (the
keel) are fused enclosing the stamens. The keel
measures 2.3e2.7 length  0.5e0.9 cm width while
the two lateral petals (the wings) are 1.7e2.3
length  0.3e0.8 cm width. The androecium
(Fig. 1C-E) is formed of ten (9 þ 1) diadelphous
stamens. The nine stamen ﬁlaments are united into
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a sheath that surrounds the pistil in a hollow tube.
The tube is about 4.5e5.5 cm length  2.5e3.5 mm
width. The anthers are oblong and ﬂattened, dorsiﬁxed and bilobed, each lobe being divided by a
longitudinal groove (connective tissue). The gynoecium (Fig. 1C-E) shows a superior, monocarpellary,
and unilocular ovary ended by a single style and
terminal stigma; the ovules are numerous with
marginal placentation. The ovary is long, greenishyellow
in
color,
and
measures
1.8e2
length  0.1e0.2 cm width. The style is red in color
and measures 0.8e1.2 cm length  0.8e1.2 mm
diameter, ending with a pointed stigma.
3.2. Microscopic characteristics
3.2.1. Calyx (Fig. 2A, B)
A transverse section (T.S) at the level of the receptacle shows the united sepals of the calyx (Fig. 2A).
The inner and outer epidermises of the sepals enclose
in between a homogenous parenchymatous mesophyll (10e15 layers) through which pass several small
vascular strands (Fig. 2B). Both epidermises (Fig. 2a,
b) are slightly papillosed with beaded straight anticlinal walls covered with a smooth cuticle. Stomata
are of anomocytic and paracytic types. Glandular
trichomes, club-shaped with a spherical multicellular
head with short unicellular stalk and two armed nonglandular hair are present more frequently on the
outer epidermis (Fig. 2e, f). Calcium oxalate prisms
(Fig. 2g), secretory cells or sacs, starch granules
mostly rounded and simple, and red pigment content
is scattered in the mesophyll.
3.2.2. Corolla (Fig. 2C, D)
A transverse section at the ovary level shows the
corolla (Fig. 2C). The inner and outer epidermises in
corolla enclose in between a homogenous mesophyll
traversed by numerous small vascular strands and
secretory cavities (Fig. 2D). Parenchymatous cells of
the mesophyll show large intercellular spaces, calcium oxalate prisms and secretory sacs. Trichomes
are the same as in the sepals, while the epidermises
are more papillosed with wavy anticlinal walls and
few scattered anomocytic and paracytic stomata with
darker red pigment contents (Fig. 2c, d).
3.2.3. The androecium (Fig. 3A, B)
A transverse section in the ﬂower at the androecium level shows the opened ﬁlament tube surrounding the base of the ovary (Fig. 2C). The
ﬁlament tube (Fig. 3A, a), shows a parenchymatous
mesophyll with scattered calcium oxalate prisms
and traversed by nine small vascular bundles,
bound by the outer and inner epidermises. The
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Fig. 1. Erythrina  neillii Mabberley & Lorence. (Fabaceae). A. Photograph of the tree (X 0.03); B. Inﬂorescence (X 0.3); C. Longitudinal section in the
ﬂower (X 1); D. Different ﬂoral parts (X 0.7); E. The ﬂower without corolla showing androecium and gynoecium (X 1.1). b. banner; f. ﬁl., free ﬁlament;
an., anther; k. p., keel petal; n. gl., nectary gland; ov., ovary; ovu., ovule; ped., pedicle; st., stigma; t. ca., tubular calyx; w. p., winged petal.

epidermis shows anomocytic and paracytic stomata
and trichomes as in the sepals. The anther in crosssection (Fig. 3B) shows two lobes attached by the
connective tissue, having a central vascular strand;
each anther lobe has two pollen sacs containing
many pollen grains. The anther wall consists of the
outer epidermis (exothecium), a ﬁbrous layer,
tapetum, and inner epidermis (endothecium). The
epidermis (Fig. 3B, b) of both outer and inner parts
is slightly papillosed. Stomata are of anomocytic and
paracytic types. The ﬁbrous layer (Fig. 3e, f) is
formed of barrel-shaped cells with beaded walls in

surface view. The tapetum (hyaline layer) is represented by delicate, ﬂattened, thin-walled parenchyma cells (Fig. 3B). The pollen grains are rounded
to triangular in shape, yellowish-brown in color, and
holding three germinal pores and three germinal
furrows (Fig. 3B, e).
3.2.4. The gynaecium (Fig. 3C)
The epidermises of the ovary wall enclose
parenchymatous ground tissue which is traversed
by several vascular bundles, calcium oxalate prisms,
and tannin cells (Fig. 3C). The epidermis is
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Fig. 2. Calyx and corolla of Erythrina  neillii Mabberley & Lorence. (Fabaceae) (A-D; a-g). A T.S of the ﬂower passing through the receptacle (X
10); B. T.S. of the calyx (X 100); C. T.S. of the ﬂower through the level of the ovary (X 12); D. T.S. of the corolla (X 80); a. Inner epidermis of the calyx
(X 160); b. Outer epidermis of the calyx (X 240); c. Outer epidermis of the corolla (X 160); d. Inner epidermis of the corolla (X 200); e. Claviform
glandular hair and paracytic stomata (X 240); f. Two-armed non-glandular hair (X 160); g. Prism of Calcium oxalate (X 280); b. p. banner petal; ca.
t., calyx tube; ﬁl. t. ﬁlament tube; f. ﬁl., free ﬁlament; gl. h., glandular hair; k. p., keel petal; ov., ovary; ovu., ovule; pr., prism; rec. receptacle; sec. cav.,
secretory cavity; st., stigma; w. p., winged petal.
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Fig. 3. Androecium and gynoecium of Erythrina  neillii Mabberley & Lorence. (A-F; a-j). A. T.S. of the ﬁlament tube (X 60); B. T.S. of the anther (X
90); C. T.S. of the ovary (X 90); D. T.S. of the pedicel (X 80); a. Epidermis of the ﬁlament (X 200); b. Epidermis of the anther (X 160); c. Epidermis of
the stigma (X 120); d. Papillosed cells of stigma (X 160); e. Top view of the ﬁbrous layer (X 240); f. Side view of the ﬁbrous layer (X 240); g. Glandular
hair (X 240); h. Calcium oxalate prisms (X 520); i. Non-glandular hair (X 160); j. Pollen grains (X 320). c. t., connective tissue; exo., exothecium; ﬁb.
l., ﬁbrous layer; end., endothecium; hy. l., hyaline layer; pol. gr., pollen grains; pap. epi., papillosed epidermis; sec. sa., secretory sac; pi., pith; v. b.,
vascular bundles.

papillosed with numerous glandular club-shaped
hairs, two armed non-glandular trichomes, and
anomocytic stomata. The stigma (Fig. 3c - d) has
elongated papillosed epidermal cells with rounded
apices and wavy anticlinal walls and enclosing
prisms of calcium oxalate. Glandular and nonglandular hairs are abundant and numerous on
both style and stigma.
The pedicel (Fig. 3D) in cross-section is oval in
outline, with epidermis followed by parenchymatous cortex and a vascular system consisting of 8e10
collateral vascular bundles surrounding narrow
parenchymatous pith. Tannin cells, calcium oxalate
prisms, and starch granules are scattered in the
cortical tissue.
3.2.5. Powder of the ﬂower (Fig. 4)
The powdered ﬂower is reddish-brown in color,
odorless, bitter, and distinguished by fragments of
papillosed epidermal cells of the different ﬂoral

parts with anomocytic and paracytic stomata, and
occasionally cells with pigment contents; nonglandular two-armed hairs and glandular clubshaped hairs; calcium oxalate prisms either free or
in parenchyma cells; fragments of tracheids,
segmented vessel, annular and spiral xylem vessels;
fragments of the ﬁbrous layer of the anther in the
top and side view; pollen grains are rounded to
triangular in shape, yellowish-brown in color; pigmented fragments of papillosed elongated
epidermal cells of the stigma; starch granules
mostly rounded and simple.
3.3. Histochemical study
Histochemical tests revealed the existence of
phenolic compounds in secretory cavities (Fig. 2A),
starch granules (Fig.3D, 4p), and alkaloidal amorphous content in the parenchymatous tissues of the
different ﬂoral leaves.
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Fig. 4. Powdered ﬂower of Erythrina  neillii Mabberley & Lorence. (Fabaceae) (aeq). a. Inner epidermis of the calyx showing anomocytic stomata
(X 160); b. Inner epidermis of the calyx showing paracytic stomata (X 200); c. Outer epidermis of the calyx showing pigment contents and calcium
oxalate prisms (X 160); d. Outer epidermis of the petal showing pigment contents and papillae (X 120); e. Inner epidermis of the petal showing
anomocytic stomata and papillosed cells (X 160); f. Epidermis of the ﬁlament (X 200); g. Epidermis of the anther (X 120); h. Side view of the ﬁbrous
layer (X 240); i. Epidermis of the stigma (X 120); j. Papillosed cells of the stigma (X 160); k. Epidermis of the style showing cicatrix (X 200); l.
Fragments of tracheids and segmented xylem vessels (X 200); m. Prisms of calcium oxalate (X 200); n. Pollen grains (X 260); o. Fragments of the
glandular hair (X 240); p. Starch granules (X 450); q. Two-armed non-glandular hair (X160).

4. Discussion
As we mentioned earlier, data concerning the
ﬂoral anatomy of Erythrina species and especially E
 neillii are insufﬁcient [14,19,20]. Therefore, the
morpho-anatomical characters presented in this
study represent a great contribution to the knowledge about Erythrina species.
Erythrina  neillii showed the typical characteristics of Papilionoideae as referenced with the large
uppermost petal, the two lateral smaller wings, and
the two lowest (keel) elongated and united except at
the base, in addition to its diadelphous stamens
[21,22].
The morphological characters of Erythrina  neillii
are more consistent to E. herbaceae characterized by
its terminal raceme inﬂorescence, scarlet red petals,
and ten diadelphous stamens. In comparison to E.
humeana, the calyx showed certain differences as it is
cup-shaped with a blunt apex in E  neillii while it is
campanulate with truncate apex with short, linear,

abruptly emerging teeth in E. humeana [23]. Botanical characters of E  neillii also showed a certain
similarity to Erythrina falcata [20] as observed by its
androecium showing nine fused and one free stamen. The ﬂowers of E  neillii are sterile with no
formation of ovules or fruits similar to E  sykesii
[24].
The different types of stomata observed were
compared with different organs of Erythrina species
due to scarcity of information. The anomocytic stomata were observed in E. corallodendron leaf structure [25] while the paracytic stomata was reported in
Erythrina velutina leaf and stem structures [19].
Epidermal cells of stigma have elongated papillosed
cells beside the glandular hairs to ﬁt their reproductive functions [26]. Secretory trichomes with two
stalk cells and a multicellular capitate head were
previously reported in vegetative and reproductive
organs of Papilionoideae [27]. Calcium oxalate
prisms, glandular and non-glandular trichomes,
and secretory cells or sacs scattered through the
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different parts of the ﬂoral leaves agree to Metcalfe
and Chalk [28]. Histochemical tests evidenced the
existence of phenolics, alkaloids in secretory cavities
as previously reported in E. velutina [19].
The different microscopical and anatomical characters raised in this study for E  neilli seems
particularly valuable for diagnostic purposes, as a
good taxonomic indicator to differentiate between
the closely related species [29].

5. Conclusion
This study provided a detailed morpho-anatomical characterization of E  neillii ﬂower in the entire
and in powdered form which contributes to its
authentication, therefore presenting a beneﬁcial tool
for quality control of plant material and preventing
its misinterpretation with the closely related Erythrina species.
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